Objective-To document the growth of the left heart structures and outcome of fetuses with aortic stenosis. Design-Retrospective echocardiographic and clinical study. Setting-Tertiary centre for fetal cardiology.
Patients-27 consecutive fetuses with aortic stenosis. Main outcome measures-Survival of affected fetuses. Measurement of left ventricular end diastolic volume (LVEDV), aortic root diameter, and ejection fraction. Results-Before 25 weeks' gestation, the LVEDV was normal or increased in all cases. In six of eight fetuses studied sequentially, the LVEDV feli across normal centiles. Initial ejection fraction was reduced in 23 fetuses (88%). Before 28 weeks' gestation, the aortic root was normal in all but one case, but after 29 weeks, 11 of 13 fetuses had values below the 50th centile. In two fetuses prenatal aortic valvoplasty was attempted, 10 babies had postnatal interventions, and there were six survivors. Biventricular repair was attempted in eight cases, ofwhom five survived. A first stage Norwood operation was performed in three babies, of whom one survived. The four fetuses with the highest aortic root z scores had successful biventricular repair. The two fetuses with initially normal ejection fractions survived. Successful biventricular repair was achieved even where the LVEDV was below the 5th centile. Conclusions-In aortic stenosis diagnosed prenatally, failure of growth of the left ventricle and aortic root often occurs. The outcome of affected fetuses is better than previously reported. Prenatal echocardiography may assist selection of suitable candidates for biventricular versus Norwood repair. (Heart 1997; 77:205-210) Keywords: aortic stenosis; fetal heart; echocardiography Critical aortic stenosis can be diagnosed accurately prenatally.1-5 Treatment of aortic stenosis postnatally is associated with a significant mortality.i-9 During gestation, at 34 weeks, with a dilated poorly functioning left ventricle (ejection fraction 25%). Twenty four hours after the valvoplasty, there was no demonstrable left ventricular contraction but, one week later, the ejection fraction had increased to 33%, although the LVEDV was little changed from that before valvoplasty (fig 2) . This child was alive at the age of 4 years and the details of this baby's clinical course and of the intrauterine balloon aortic valvoplasty technique have been described elsewhere. '8 19 Six infants (cases 1, 2, 5, 7, 8, and 12) had balloon aortic valvoplasty postnatally (which was technically successful in five cases) and in four of these a biventricular circulation was successfully achieved. One baby (case 12) subsequently underwent a first stage Norwood procedure. Three cases (8, 9, and 10) had a surgical valvotomy in the neonatal period, with two deaths. Two further cases (6 and 1 1) had a Norwood procedure as a primary intervention and both died.
The two fetuses with a normal ejection fraction on the initial prenatal scan had a successful balloon valvoplasty postnatally and survived (cases 1 and 2, table 1). The relation of the z score of LVEDV and aortic root diameter at the final prenatal scan to the attainment of a biventricular circulation is shown in tables 2 and 3. Four of the seven fetuses with z scores greater than -1 65 (5th centile) for LVEDV survived with a biventricular circulation. One fetus with a z score of -1-88 (below the 5th centile) had a successful biventricular repair. The aortic root diameters at the final prenatal scan (table 3) tended to be in the low normal range. The four fetuses with the highest z scores all survived after balloon valvoplasty or surgical valvotomy. Our volumetric findings show that failure of growth of the left ventricle is a frequent occurrence in fetuses with aortic stenosis. This has implications for antenatal counselling of parents with regard to the possibility of a biventricular repair. Prenatal balloon aortic valvoplasty has been performed with the aim of improving left ventricular growth and function. In this series, when this was performed successfully there was no early increase in ejection fraction and little change in left ventricular end diastolic volume, but the period during which the fetus was studied prenatally was relatively short. The failure of left ventricular growth early in pregnancy, which we have documented, suggests that prenatal balloon valvoplasty may have to be performed in the midtrimester, which would be technically more difficult and potentially more hazardous. This approach may have been justified, taking into consideration the uniformly poor outcome for critical aortic stenosis diagnosed prenatally described in a previous report.2 However, in our study, survival of six of 10 babies in whom interventions were undertaken makes this suggestion less justifiable.
The increased survival may be due, in part, to improved prenatal detection of less severe cases of aortic stenosis, but better postnatal management may also have contributed. This is supported by the fact that, at this centre, the mortality of critical aortic stenosis presenting in the neonatal period has decreased from 82% (9/11) between 1985 and 1990, to 27% (3/1 1) between 1991 and 1995.26 These results-taken together with the improving results of the Norwood operation in the United Kingdom27 -also make the argument for prenatal intervention less compelling. If, however, reports of serious late complications following a Norwood repair, such as poor neurological outcome,'8 are confirmed by larger studies, then prenatal intervention may become justifiable, with the aim of increasing the chance of a successful biventricular repair.
The prognostic value of ejection fraction in postnatal studies of aortic stenosis is controversial. [14] [15] [16] [17] Although a small proportion of fetuses in our study had a normal ejection fraction, both survived with a biventricular circulation, so this would appear to be an encouraging feature. We have described the outcome in relation to LVEDV and aortic root z scores, because they have been implicated as significant prognostic factors in postnatal studies.81314 16 17 Biventricular repair was successfully achieved in fetuses with z scores as low as -1*88 (below the 5th centile) but the fetus with the lowest z score did not survive an attempt at biventricular repair. Conversely, LVEDV z score within the normal range does not necessarily mean that a successful biventricular repair will be possible, as was shown in two of our cases. With regard to the aortic root, the four fetuses with the largest aortic root z scores all survived biventricular repair but this was also successful in a fetus with an aortic root more than two standard deviations below normal. Thus there may be a critical LVEDV or aortic root size below which biventricular repair is not attainable but it is not possible, from our study, to define this point. An interaction of factors such as ejection fraction, left ventricular size, and aortic root size may contribute to the attainability of a biventricular circulation, which has also been suggested by postnatal studies of this condition. 14 In summary, our data show that failure of growth of the left ventricle is common in fetuses with aortic stenosis and that ejection fraction is often, although not invariably, reduced. Prenatal assessment of LVEDV, ejection fraction, and aortic root size may be of value in decision making with regard to biventricular versus Norwood repair, but this needs to be determined with a prospective series. The survival of babies with aortic stenosis diagnosed prenatally has improved compared with previous reported series.
